Mitogen-activated protein kinase and protein kinase A signaling pathways stimulate cholecystokinin transcription via activation of cyclic adenosine 3',5'-monophosphate response element-binding protein.
Cholecystokinin (CCK) is a potent neuropeptide expressed in the small intestine and in the central nervous system. We have examined the effect of basic fibroblast factor (bFGF) and forskolin on CCK gene transcription and depicted the signaling pathways that lead to promoter activation. bFGF and forskolin stimulated promoter activity via a cAMP response element (CRE)/12-O-tetradecanoylphorbol-13-acetate response element (TRE) located 80 bp upstream from the transcription initiation site. In nuclear extracts from unstimulated as well as stimulated cells, only CRE-binding protein (CREB) and activating transcription factor-1 (ATF-1) bound to the CRE/TRE, and activation was associated with phosphorylation of CREB serine-133 and ATF-1 serine-63. In murine F9 cells, CREB stimulated promoter activity 10-fold in the presence of protein kinase A (PKA), and in SK-N-MC cells activation was inhibited 60-70% by a dominant negative CREB mutant. In contrast, ATF-1 had no effect in F9 cells and exhibited a dominant negative effect in SK-N-MC cells. bFGF stimulation led to phosphorylation of the p38 mitogen-activated protein kinase (MAPK), and the extracellular signal-regulated kinase (ERK) MAPK and promoter activation, phosphorylation of CREB, and GAL4-CREB-dependent transcription were selectively prevented by a dominant negative Ras-mutant, the p38 MAPK-specific inhibitor SB203580, and the MAP/ERK kinase 1 (MEK1) inhibitor PD098059. Forskolin stimulation proceeded via the PKA pathway, and to a minor extent via the p38 and ERK MAPK pathways. We conclude that bFGF and forskolin stimulate the CCK gene promoter via the CRE/TRE(-80) in the proximal promoter region. Signaling proceeds through the p38 MAPK, the ERK MAPK, and the PKA-signaling pathways, which leads to cumulative phosphorylation and activation of CREB. We propose that bFGF in combination with neurotransmitters/neuropeptides coupling to the PKA-signaling pathway play an important role in the control of CCK gene expression.